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Abstract
This thesis examines how issues related to the increasing erosion and inundation of coastal wetlands
across New England due to sea-level rise and more
frequent storms threaten public and private property
as well as valuable natural resources in these important coastal ecosystems. Current coastal barrier
solutions are often constructed with concrete hard
revetments, which have limited effectiveness, and
may exacerbate erosion. Furthemore, these solutions
are also not able to support cradle to cradle design
approaches.
In studying these issues and how they affect marine
and coastal life, including human and non-human
coastal communities, this thesis investigates alternatives to conventional concrete solutions. Material
studies were conducted systematically to replace
sand with other aggregates in the making of concrete,
such as locally sourced seashells and other available
coastal debris. The resulting hyber-concrete mixes,
developed with low-tech methods and techniques,
may offer complementary alternatives to the existing
barrier protection systems by introducing flexibility,
porosity and weathering as fundamental qualities
to host diversity, while still allowing for the barriers
to offer protection to land from erosion. The thesis’
main argument, therefore, is that encouraging more
flexible ways of building protection in highly dynamic
coastal environments is not only essential to the
preservation of coastal landscapes and their communities, but they may also suggest more democratic
ways of constructing those protections collectively.
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Manifesto
We, humans, should act as a whole.
We must take the mission of being humans, with wisdom to assist the survival of threatened species, and
resolve ecological threats.
We reach an agreement through legislation on how to
obtain resources and balance the relationship between development and protection.
We should remove physical restrictions, such as
foreigners and locals, to allow people to see the Anthropocene and nature as a whole in a freer and more
unified way.
We should encourage people who love pastoral life to
have more interaction with nature, rather than all of
the people serving urban life as a social component.
We should use the power of nature to enhance our
ability: learn about natural materials, how to reduce
toxic emissions, and to balance nature with construction.

In Brave New World, different classes enjoy nature in the countryside.

12

waste of resources, war destruction, and uncontrolled
exploitation, which have led the planet to our present
precarious condition.
Equality is a prerequisite for dialogue. If we view
nature as inferior to humanity it provides moral justification for their exploitation. As a matter of fact, no
one can treat nature as enemy and hostile forces in
a colonized region. Nature is where we were, where
we are, and where we will be. It is the basis of the
freedom of all people on earth and how we may
maintain the long-term stability of nature.
As a landscape architect, I am a diplomat standing
at the forefront to communicate with nature. Our new
generation should take the responsibility to apply
ecologically inspired design to agriculture, architecture, community planning, cities, enterprises, economics and ecosystem regeneration.
To make urbanization as a natural process and help
every human to find their place in this world that they
see as their hometown.

Our survival demands that we leave behind the
mechanisms of anthropocentrism.All other beings
are means to human ends. They are entangled in our

13
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01
Introduction
When facing coastal erosion and sea
sevel rise, how can highly dynamic
environments benefit from coastal
flexible sytems constructed with
biomaterials ?

14
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Build a Sustainable Future:
Better Materials and Methods
for Eco-Friendly Design

Statement
Increasing erosion and inundation of coastal
wetlands across New England due to sea-level rise
and storms threatens property and valuable natural
resources. Historic practices of hard revetments and
seawalls have limited effectiveness and may
exacerbate erosion, destroy intertidal habitat, and
alter sediment transport patterns.
Most coastal barriers are currently built in concrete, a

Thesis questions

poor substrate for biological recruitment, and not
able to support cradle to cradle design approaches.

The investigation in this thesis aims to answer the

Concrete-based solutions are also inflexible. Hard

following question:

structural solutions like these are not permitted in
many environmentally-sensitive coastal areas, and if

When facing coastal erosion and sea level rise, how

they are, they tend not to cope well with the highly

can highly dynamic environments such as southern

dynamic flows that characterize these ecosystems.

Massachusetts benefit from coastal flexible systems
constructed with biomaterials?

In studying these issues and how they affect marine
and coastal life, including human communities, this

1-1

Figure 1-1
Together TwentyTwenty is an installation of sculptures
made from biomaterials.
Together TwentyTwenty is an installation that tries to picture
change from our current reality to a dynamic world made of living
cycles.
16

This complex and multifaceted question is here

thesis investigates alternatives to conventional

explored in the following angles:

concrete by replacing sand with other locally sourced

1.How can we build landscape infrastructure in a

materials that work in different ways as aggregates.

changing environment?

The new concrete mixes offer complementary

2.How could the system bring benefits to the global

alternatives to the existing barrier protection systems

sand crisis?

by introducing flexibility, porosity and weathering as

3.What will be the physical and social position of new

fundamental qualities to host diversity while still

eco-concrete?

being able to protect land from erosion.The thesis’

4.What will be the risks for the local communities and

main argument, therefore, is that developing more

habitats?

flexible ways of building in highly dynamic coastal

5.How can we get people engaged with this process?

environments is an imperative.
17

Conditions Observed

Coastal Erosion
Coastal erosion is the process by which local sea
level rise, strong wave action, and coastal flooding
wear down or carry away rocks, soils, and/or sands
Site

Nantucket Island
Glaciation left New England a unique coastline.
New England seas are rising at an annual rate three to
four times faster than the global average.
New Bedford

Changing sea levels can affect human activities in
coastal areas. Rising sea level eroded shorelines and
Higher sea level also makes coastal infrastructure
more vulnerable to damage from storms.

Nantucket Island

Cape cod

Martha’s vineyard

contributed to coastal flooding.

Southwestern Massachusetts can be loosely defined
as an area comprising Cape Cod on the mainland, and
the islands of Martha’s Vineyard and Nantucket. The
cape together with the islands create a three-layer
border protection between the Atlantic Ocean and the
mainland. The sediments create natural barriers along

Third layer
1-2

Second layer

Figure 1-2
Southwestern Massachusetts mapping

First layer

Figure 1-3
Three layers

N
0
18

this ecosystem and reduce hazards in this area.

5
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1-3
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Study Roadmap
This thesis investigates these conditions in this

solutions to sand shortage.

region at three different scales:
One of the thesis’ goals is to achieve a cradle-toRegional scale:scale of Southwestern Massachusetts

cradle design, through the use of locally-sourced

and scale of material flows.

biomaterials that make it possible to develop safer,

Global scale:, scale of global coastal erosion and

more sustainable landscape infrastructure within a

sand crisis Sedimentation and erosion have a

circular economy.

complex interactive relationship on a planetary scale.
Local scale: in my thesis I source sand locally in the
New England coastal area where glaciation left a very
unique coastline, and propose a series of prototypical
20

Figure 1-4
study roadmap

21

02
Precedents
The study of meaningful precedents
includes a focus on design
approaches at different scales: region,
site and local coastal protection

22
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West 8 Blue Dunes —
The Future of
Coastal Protection
“if we had planned and designed our coasts with

coastal zones.The results demonstrated potential for

coastal processes in mind, would there have been a

saving lives and billions of dollars across the region.

way to deflect to storm driven surges with a set of

The resulting proposal to create an offshore barrier

barrier islands located offshore in the coastal

island chain centered on the NY/NJ harbor is called

waters?“

“The Blue Dunes” – blue indicating their position in
the open ocean, and dunes for the natural landforms

2-1

Figure 2-1
Fortifying the mid-Atlantic Coat
The purpose of Blue Dunes, a set of constructed barrier
islands off of the coast of New York and New Jersey, is
to demonstrate a regional solution that reduce storm
surge across the Hurricane Sandy impacted area of the
Mid-Atlantic coast.environmental benefits

The forces shaping our coastline are driven by the

they mimic.

energy from the atmosphere and the ocean. Coastal

The scientists, economists and maritime

processes are controlled by wind, waves, ocean

stakeholders that have participated to date in the

currents, and the highly predictable tides that move

analyses have identified many of the key issues that

water and sediment day in and day out.

need to be addressed, including: water quality,
habitats, recreation, navigation, constructability,

WXY / West 8 investigated a new form of designed

potential supplemental surge reduction with offshore

coastal protection that would, on a large scale,

wind farms, and funding.

mitigate risk for life, economy and property within

Figure 2-2
Oyster illustration
24

25

Huaiwen Zhang / Reimage concrete for coastal dynamic

An island off the coast of New Jersey would be
susceptible to the natural processes of the ocean.
Here, wind and wave energy demonstrate how
constructed islands would shift over time.

Figure 2-3
Plan
The final Blue Dunes concept plan (2014) considers the
effects, both positive and negative, on everything from food
chains and water flows to migration paths and sand transport
cycles
26
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Figure 2-4
Configurations of pilot projects on satellite imagery.
The phasing of Blue Dunes would rely
heavily on the support of stakeholders and governmental
entities.
28
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“ The predictability of making a shared system by which
to measure risk accessible to
everyone, that this will ultimately strengthen networks and
strengthen social sustainability
throughout the region.”
— Claire Weisz

2-5

Team members have been overwhelmed by the level

Stevens Institute of Technology uses predictive

of support from state local and federal officials, from

hydrodynamic modeling to analyze ocean systems,

private insurance industry partners, from engineering

salinity, turbulence, and temperature.

professionals,the finance industry, and very

These maps demonstrate the reduction in storm

importantly, from the scientific community that

surge at the peak of Hurricane Sandy with the

studies and fosters coastal and ocean communities.

proposed constructed islands.

The key to a participatory design process is the ability

Economists whose research and work is without

to engage your community, and to garner as much

geopolitical bounds. A regional strategy requires

input and dialogue from them in order to design

regional thinking, so the team set out to share this

effectively and with confidence and for the public

approach through a series of organized colloquia,

good. Without a system set up to deal with regional

public lectures and private meetings to steer the

issues across town, county and state lines, the team

design process.

focused heavily on the expertise of scientists
Figure 2-5
Blue Dunes research initiative

30
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Growing Islands
ebuilding Beaches and Protecting
Coastlines through Wave Energy
What if we could harness the power of the ocean to
grow islands, rebuild beaches and protect coastal
communities from sea level rise?
MIT’s Self Assembly Lab and Invena, an organization
based out of the Maldives, are working together to
create a system of underwater structures that use
wave energy to promote sand accumulation in
strategic locations. Over time, the goal is that the
self-organization of sand will grow into new islands or
help rebuild coastlines, creating an adaptable solution
to protect coastal communities from rising sea levels.
As climate change progresses, island nations and
coastal regions face a growing risk from sea level rise
and increased storm inundation. With ~40% of the
world’s population living in coastal areas, it is
imperative that we find novel approaches to address

2-6

this mounting threat. Typical attempts to fight storms
and sea level rise rely on static physical barriers or

Figure 2-6
What if we could harness the power of the ocean to
grow islands, rebuild beaches and protect coastal
communities from sea level rise?
MIT’s Self Assembly Lab and Invena, an organization based
out of the Maldives, are working together to create a system
32

continual coastal dredging, which try to resist
of underwater structures that use wave energy to promote sand
accumulation in strategic locations. stone, a type of building stone
quarried on the Isle of Portland in Dorset, England.

constantly changing natural forces. The goal is
instead to work with the forces of nature, harnessing
them to build rather than destroy.
33

Together with our collaborators in the Maldives,the te
is designing, building and deploying submersible
devices that, based simply on their geometry and
orientation, can function as adaptable artificial reefs.
By harnessing wave forces to accelerate and guide
the accumulation of sand in strategic locations, and
adapting the placement of the devices to seasonal
changes and storm direction, our approach aims to
naturally and sustainably reshape sand topographies
using the forces of nature.

34

By collaborating with the natural forces of the ocean
we believe we can promote the self-organization of
sand structures without permanent man-made
barriers or the continual dredging and destruction of
natural habitats. Compared with traditional
approaches that attempt to fight the forces of nature,
we are aiming to build with nature, rather than
destroy. We believe this is a sustainable approach to
the problem that can eventually be scaled to many

coastal areas around the world. Just as forest
management is used to help strengthen and protect
forests from uncontrolled fires or overgrowth, we see
a collaborative and natural approach to sand
accumulation as an important future to promote
adaptation in the face of climate change while
protecting against sea-level rise and increasing
natural disasters.
Figure 2-7
Early concept diagram
Early bladder fabrication
diagram

Figure 2-8
Various sandbar formation
mechanisms

35

ECO-Concrete
[1]The Living Seawalls Project
Adding ridges to concrete blocks is thought to
help boost colonisation of marine life
[2]Eco-concrete in Hong Kong
Concrete-based eco-engineered bio-blocks are
commonly made with lower surface pH (pH 9 to
10) that are more suitable for marine organisms
[3]
interlocking grooves or other embedded
intelligence
[4]Florida finest steel forms for precast, dry cast
and ready mix concrete
The bacteria called Bacillus pasteurii is actually
encapsulated and added to the concrete, along
with a form of starch that serves as its food.
this type of concrete structure is capable of
self-repair.

Figure 2-5
[1]https://www.reefdesignlab.com/
[2]The world’s growing concrete coasts:https://www.bbc.com/future/
article/20200811-the-eco-friendly-alternatives-to-ocean-concrete
[3]interlocking concrete
[4]The bacteria called Bacillus pasteurii is actually encapsulated and added to
the concrete, along with a form of starch that serves as its food.
this type of concrete structure is capable of self-repair.

36
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03
Sand
& Concrete
“There is of course a lot of sand in
deserts, the problem is it’s basically
useless to us.” Vince Beiser, author of
The World in a Grain: The Story of
Sand and How it Transformed
Civilization

38
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Facts of sand
Sand is the most important solid substance on earth.
The definition¹ of sand is a granular material composed of finely divided rock and mineral particlescaused by violent storm.They form when rocks break
down from weathering and eroding over thousands
millions of years.
The most common constituent of sand: silicon dioxide, or SiO2, a diameter of between 0.074 and 4.75
millimeters.²
The desert sand³ is useless in construction because
it’s too fine and round.
3-1

Sand for Daily life
Sand is a key ingredient for people’s daily supplies.
We use sand to make food, wine, toothpaste, glass,
computer chips, breast implants, cosmetics, paper,
paint, or plastics.

3-2

Definition ¹
from Wikipedia
0.074 and 4.75
millimeters²
Unified Soil Classification
System

40

desert sand³
The World in a Grain: The Story
of Sand and How it
Transformed Civilization

Figure 3-1
sand
sand under microscope
different between sand in beach
and dessert

Figure 3-2
sand supplies
Figure 3-3
chart of sand demand growth

41

Sand Crisis
Rapid urbanisation and a growing number of behemoth infrastructure projects have increased the
demand for sand, especially in developing countries.
With its increasing appetite for new buildings, roads,
glass, and even electronics, global extraction of sand
and gravel is increasing. Nowadays, sand and gravel
are the most extracted materials in the world, exceeding fossil fuels and biomass (measured by weight).

As one of the main
components of concrete,
sand is a resource in

Massive amounts of sand are mined for land reclamation projects, shale gas extraction and beach
renourishment programs.

very high demand
3-3

As the skeleton of cities, sand is pressed into concrete and used to form shopping malls, freeways,
dams, and airports.
Extensive sand mining physically alters coastal ecosystems, increases suspended sediments and causes
erosion.
The negative environmental consequences of overexploitation sand are already felt in poorer regions
across the world. It is damaging the environment,
endangering communities, causing shortages, and
promoting violent conflict.
Concrete is an invention as

In New England, coastal dwellers are trying to fortify beaches against rising seas and severe erosion
caused by violent storms.

transformative.
The Romans are often cited
as inventing concrete, and

3-5

they surely perfected its
use.
3-4

Figure 3-3
sand mining for concrete making
http://geographical.co.uk/people/development/item/3767-sandthe-single-most-mined-commodity
Figure 3-4
Geopolymer Concrete

42

https://watershedmaterials.com/blog/2015/3/31/geopolymerconcrete-egyptian-pyramids-and-a-new-way-forward-forsustainable-masonry
Figure 3-5
chart of sand demand growth

43
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Figure 3-6
Sand Crisis Global Mapping
This diagram shows the
material flow of sand globally.
3-6
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1
Portland
Cement

1/2 WATER

1/2 SAND
1 WATER

3-7

Concrete and pollution
Concrete is one of the most frequently used building
materials. It is composite material, resulting from a
mixture of cement, gravel, sand, water and a range
of aggregates.
When aggregate is mixed with dry Portland cement
and water, the mixture forms a fluid slurry that is
easily poured and molded into shape. The cement
reacts with the water and other ingredients to form a
hard matrix that binds the materials together into a

The paste hardens and binds the aggregates and
sand together.
Water- Water is needed to chemically react with the
cement (hydration) and to provide workability with
the concrete. The amount of water in the mix
compared with the amount of cement is called the
water/cement ratio. The lower the w/c ratio, the
stronger the concrete. (higher strength, less

durable stone-like material that has many uses.

permeability)

Portland Cement¹- The cement and water form a

Aggregates²- Sand is the fine aggregate. Gravel or

paste that coats the aggregate and sand in the mix.

crushed stone is the coarse aggregate in most

Figure 3-7
Components of concrete

(Gillberg, B. Fagerlund, G.
Jönsson, Å. Tillman, A-M.
(1999). Betong och miljö
[Concrete and environment] (in
Swedish). Stockholm: AB
Svensk Byggtjänst. ISBN
978-91-7332-906-4.)

Portland Cement ¹
Portland cement is the most
common type of cement in
general use around the world.

46

It was developed from natural
cements made in Britain
beginning in the middle of the
18th century. Its name is derived
from its similarity to Portland
stone, a type of building stone
quarried on the Isle of Portland
in Dorset, England.

mixes.

Aggregates ²
Components of concrete
temperatures.
Figure 3-8
working procedure in concrete
production
3-8
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up to 8%
AIR

14-21%
WATER

60%-75%

7%-15%
ADHESIVE

AGGREGATE
fine:
3/8-inch sieve

coarse:
greater than
0.19 inch

Pigment

Concrete

Portland cement
a dry powder
Portland cement
a dry powder

3-10

Desired Properties of Concrete

The global warming gas is released when limestone

1. The concrete can be consolidated properly after

and clays are crushed and heated to high

mixing.

temperatures.According to the most recent survey³

2. Desired qualities of the hardened concrete:

of Portland Cement Association (PCA), an average

resistance to freezing and thawing and deicing

of 927 kg (2044 lb) of CO2 are emitted for every

chemicals, watertightness (low permeability) , wear

1000 kg (2205 lb) of Portland cement produced in

resistance, and strength.

the U.S. Eight to 10 percent of the world’s total CO2

3. Economy. Since the quality depends mainly on the

emissions come from manufacturing cement.

water to cement ratio, the water requirement should
be minimized to reduce the cement requirement
(and thus reduce the cost).

Figure3-9
Cement factory
Figure3-10
Concrete Composition and Proportion, data from
https://www.cement.org/cement-concrete/how-concrete-ismade

48
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survey ³
“Concrete CO2 Fact Sheet.” NRMCA Publication Number 2PCO2,
https://www.greenconcrete.info/downloads/11_ConcreteCO2.pdf.

49
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limestone, shells, and chalk or marl
combined with shale, clay, slate, blast
furnace slag, silica sand, and iron ore

3-12

Global warming gases are released when limestone
and clays are crushed and heated to high
temperatures. According to the most recent survey
of Portland Cement Association (PCA), an average
of 927 kg (2044 lb) of CO2 are emitted for every
1000 kg (2205 lb) of Portland cement produced in
the U.S.¹
With nearly half of the human population living along
coastlines, coastal development, and increasing
coastal urbanization are inevitable. Concrete is the
main construction material globally, accounting for
over 70% of Coastal and Marine Infrastructure (CMI)
such as ports, coastal defence structures and
waterfronts.With about 10 billion tons of concrete

3-11

produced every year, it takes a lot of energy, leaves
big carbon footprints and depletes natural stone and
Figure 3-11
Figure 3-12
Systematically think of the role process of making cement
concrete production plays in
coastal issues
1. Raw materials, mainly limestone
and clay, are quarried and crushed
Mining sand is the beginning 2. They are ground and mixed with
of a vicious cycle.
other materials - such as iron ore or
ash
3. They are fed into huge, cylindrical
50

kilns and heated to about
1,450C (2,640F)
4. The process of “calcination”
splits the material into calcium
oxide and CO2
5. A new substance called
clinker emerges as marblesized grey balls
6. The clinker is cooled, ground

and mixed with gypsum and
limestone
7. The cement is transported to
ready-mix concrete companies

sand.
PCA¹
Concrete CO2 Fact Sheet Green Concrete

When looking at the process of production and
protection as a whole, it is easy to l find the
limitations of defence structures.

51
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04
Coastal
Infrastructure
“Concrete is damaging in the ocean
because, to put it in place, natural
ecosystems are destroyed”

52
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Coastal infrastructures
In coastal areas, artificial structures have been
introduced for a long time to protect the coast and
negotiate the relationship between land and water..
The term infrastructure¹ refers primarily to any
structures that support or alter the spatial and
temporal distribution of resources and risks for
human benefit.
Concrete is used for many applications including
bridges, piers, dams, levees, breakwaters, seawalls,
floodwalls, tide gates, storm-surge barriers, pumps,
and pipes. and so on. They provide the means to
connect cities, transport people and goods, and
protect land against flooding and erosion.
Coastal wetlands, sand dunes, beaches, and
freshwater ponds are treated as supporting
structures for flood management, co-existing in
hybrid systems with concrete structures.

Figure 4-1
breakwater, floodwall, seawall
sand dune, freshwater ponds, beaches
infrastructure¹
Coastal infrastructure: a typology for the
next century of adaptation to sea-level rise
Kristina Hill
54
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A review of coastal infrastructure:
Typologies for adaptation to sea-level
rise
This diagram checks a wide range of alternative
structural and non-structural coastal infrastructures.
The different coastal barriers are organized in a
gradient on a vertical axis, they are catalogued from
wall structure to landform, and on a horizontal axis
from static to dynamic.

Figure 4-2
Diagram

4-2

56

Typologies are useful to make a high‐level categorization,
such as different levels of membership in the category
This will provide a guideline when planning adaptation to
sea‐level rise, and are in need of a clear overview of options
that can be discussed with policy makers, advocacy
organizations, and the public.
57
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Phase 1-conclusion and reflection
After studying the making of concrete as a complex

When using concrete, how could we keep on

process from production to application, it is argued

protecting the shoreline with a gentler touch in the

here that concrete, fundamental to human existence

environment? This is the potential for landscape

as it may currently be, is not a material able to

architecture to position ourselves where....

support cradle-to-cradle design or to sustain any type

Materiality is the starting point to this thesis’ design

of circular economy. This argument is supported by

process: these are materials that I see around

the following reasons:

me,things I can touch, feel and interact with. The
approach is to integrate low technology and local

4-3

1. Scarcity of raw material: sand and gravel

materials into processes to respond to the local

2. The environmental impact of concrete

environmental conditions. Common tools and local

manufactory: releases an extreme amount CO2

ingredients are adapted in the pursuit to create

3.Concrete is a poor substrate for marine life in terms

alternative aesthetics and processes for materials

of biological recruitment and concrete infrastructure

and making.

could not self-heal like other dynamic nature systems.

The aim is to envision a new bio-future for coastal
landscapes for the next 10 years.

Figure 4-3
Cradle to cradle design

58
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ECO-CONCRETE
What is eco-concrete?
Eco-concrete (sometimes also known as green
concrete) is defined as a concrete which uses waste
or residual material as at least one of its
components, as its production process does not lead
to environmental destruction, and it has high
performance and life cycle sustainability.
Compared to traditional concrete, it produces less
carbon dioxide, and is considered cheap and more
durable.

Strategies
Use native materials to substitute sand and cement
to make hyber-concrete.
It will be viewed as nutrients circulating in healthy,
safe metabolisms.
Use the eco-concrete to make dynamic and adaptable
infrastructure supporting coastal marine life.
Build a holistic, economic, industrial and social
framework that seeks to create efficient and wastefree systems.

Figure 4- 4
Hyber-concrete

60
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05
Material
Exploration
Flourishing commercial fishery in New
England provides material for
eco-concrete.
reimagine fishery by-product

62

5-1
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Native Material
In industrial production, partial replacement of
energy-consuming cement with reusable materials is
among the best strategies used to achieve eco-

5-2

strong.
The government has already seen the significant
under-utilized capacity and value inherent in the

friendly construction material.

industry. In the plan“Final Report Building the

Other than finding substitutes for cement, replacing

landings, diversified catches, institutional sales,

aggregate materials with recyclable and reusable
resources is an effective strategy used to minimize
greenhouse emissions caused by traditional
concrete.
The Massachusetts seafood industry, from boat to
processor to restaurant, retailer, and finally to
consumer, is a significant asset to the quality of life.

Massachusetts Seafood System”, increased
shellfish aquaculture, new value added products as
well as waste recovery have been taken into
consideration.
Mussel shells as aggregate in plain concrete
become one of the key points in the research of new
materials.

There has been a narrowing in consumer
preferences for the diversity of local fish and a
growth in demand for imported shrimp and farmed
salmon. Only certain sectors, such as lobsters,
scallops, and oyster aquaculture have remained

5-3

Figure 5-1
Aggregate of eco-concrete,
made by myself

Figure 5-2
Flourishing commercial fishery
in New England provides
material for eco-concrete

Figure 5-3
Lobster Harvest Zones 1997
Shellfish Sampling Stations,
Shellfish Suitability

Figure 5-4
Collage of fishery products

5-4
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Gacilia
The canning industry in Galicia produces 25
thousand tonnes of mussel by-product (i.e.
unconsumed shells) per year, having a significant
environmental impact. Mussel shell becomes
suitable for different uses after undergoing heat
treatment such as poultry feed or bedding, etc.
However, other end uses for this by-product must
still be explored. Building insulation material has a
bright prospect.

Figure 5-4
Mussel shells: A canning industry by-product converted into a bio-based
insulation material, Journal of Cleaner Production
Volume 269, 1 October 2020, 122343,CarolinaMartínez-García

5-4
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step1

step2

step3

step4

5-6

Explore a low tech approach to the
democratisation of concrete
Local materials including clam shells, scallop shells,
lobster shells make a site unique in terms of material
character.
There are several ways of easily sourcing raw
materials, I use the following 2 strategies: first, shop
5-5

at local restaurants and supermarkets and collect
the wastes of my meal; second, collect material
from native shoreline.

In terms of material properties, the lobster shell is
the unique material as well. It is a light powder
which doesn’t perform that much like sand.
I reviewed some material research projects and
learnt how to run bio-material tests properly.
When doing material tests, the principle is to be
extremely rigorous in documenting everything.
The bio-tests explore each recipe and document the

Figure 5-5
This image shows I gather raw
material from shoreline.
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Figure 5-6
a bref diagram of working steps with shells
step1 get raw material from coastal area
step2 grinding into raw material
step3 mix powders together
step4 pour into mould and give it some cure time

When I deal with the waste, I find that the rate of raw
material we can get from the original thing is
different. Lobster fresh to shell ratio is the least.
Other seafood including clam, mussel, oyster can
almost reach more than 90% fresh to shell rate.

specific ingredients, measurements, methods, cure
time, using the same consistent form, factor and
size for sample test swatches.
The process is practical and tends to share what is
achievable and where things can be adapted for
further exploration.
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Collections
Inspired by concrete ingredients, I try to reimagine
the recipe for future eco-concrete mixes. I collected
both nature shells as well as wastes from local
inhabitants’ daily life. This is a collection including
typical New England local trash and shells.
I classified them in plastic trays.
5-7
Figure 5-7
A collection of material
data is percentage of waste in
New England
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Tool list
glass containers,
measuring glass,
Plastic case,
Electric Grinder,
blender,
teaspoons,
pot,
Stirring rod,
Silicon molds,
PE container or plaster molds,
stainless ring mold,
scissors

Figure 5-8
parts of tools cabinet

5-8
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washed oyster shells

Grinding and blending to get
aggregate
Aggregate list:
Clam shell powder,
Lobster shell powder,
Oyster shell powder,

grinder

Mussel shell powder,

Use hammer to crack large pieces into smaller ones

waste paper pulp,
Rockweed thick liquid,
Phragmite clippings,
Leaf and yard clippings,

Use blender to deal with
juicy rockweed, fiber and light paper

Figure 5-9
How to deal with different
materials
Figure 5-10
powder collected in glass
bottles, well labeled

5-9

5-10
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Organic binders include gums made by
boiling plants and glues made by boiling
the hooves, bones, or skin of animals.
Some natural bio-adhesives are also made
from organic sources such as natural
resins.
Gelatin is a binder, simply heat the water/
soaked gelatin mixture (or add hot liquid)
and stir to dissolve the gelatin.

5-12

Put the mixture into a 6-holes cavity
silicone mold, flatten the surface and
vibrate to make it settle.

5-11

Mixing
preparation time: 5-10mins

5-13

gelatine needs to be dissolved in hot water
other ingredients can be mixed at a cold stage.
add water and stir well several times

Figure 5-11
Mixing process
Figure 5-12
I use knox unflavored gelatine
Figure 5-13
I use silicone molds 6-holes
mold resin making kit from
LW&&GG store

Figure 5-14
I use Hulisen round cake ring
stainless steel 3*3 inch dessert
mold

compaction process: spin out the excess
water and air before putting into the mold.

5-14
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Hyber-concrete experiment
recipe&result
Outcomes documentation
I used measuring spoons to measure amounts.
ge-gelatine
c-clam shell
o-oyster shell
l-leaf and yard debris
p-paper
w-water
f-fabric
s-straw
gl-glycerinum
Figure 5-15
record of 16 pieces of
eco-concrete

5-15
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5-16

Workability tests
Strength and physical tests
and tactile tests

Chart 5-16
list out all test I will run and the
method of doing them
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[5]Dry Lobster
:lobster+mussel
30g mussel 30g lobster 15g water
5g gelatine
It is a very light gentle piece with
pink color. But it is easily diamaged
to powder on the corners, and has
a bad smell of salty lobster
especially when it is not dry.

[6]clam+straw
45g clam 22.5g water 15g straw
2.5g gelatine
Straw holds all ingredients together
well and gives it a great texture and
makes it drainable.
The cons are it is not solid enough
and falls apart on the corners.

5-18

[13]leaf debris

Some samples

45g leaf debris, 10g gelatine, 20g
water

Some concrete samles performance well on some
this is a hard piece, not very solid

certain parts

but smells nice, and has a soil
texture.
Figure 5-17
5,6,13 sample photos
Chart 5-18
5,6,13 test results
5-17
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[7]paper
45clam,30paper,15gelatine,22.5wa
ter
The paper creates a powdery
texture which makes it water
absorbent, but it easily loses this
structure.Some parts become
moldy and this could be a
proteintal for bacteria.

[8]soft clam+oyster
30g oyster, 30g large oyster pieces,
20gelatine, 20water
this is the softest piece in my
collection, feels like rubber

5-20

[14]hard oyster
20g clam, 30oyster, 15gelatine,
15glycerinum, 20water
It is a very successful hard piece,
looks like real concrete but not as
hard as concrete.
Figure 5-19
7,8,14 sample photos
Chart 5-20
7,8,14 test results
5-19
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Hyber-concrete Matrix
according to properties suitable for landscape
infrastructure, I develop this matrix.

Figure 5-21
A review of eco-concrete:
Typologies for adaptation to
sea-level rise.
Mimic the landscape
infrastructure matrix
5-21

86

87

Huaiwen Zhang / Reimage concrete for coastal dynamic

06
Sediment
Glaciation is responsible for the
highly varied and often isolated
sediment sources in Southern
Massachusets
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Glaciation in South Massachusets
The unique geological and geographical setting of the
Massachusetts shoreline consists of a variety of
coastal landscape typologies, ranging from bedrock
outcrops, to reworked till, bluffs, short barriers
estuaries, glacial moraine islands, and to barrier
beach systems.
As indicated in image, the Massachusetts shoreline is
characterized by glacial deposits, many forming high
banks punctuated by areas of lower-lying beach.
Massachusetts represents one of the few shorelines
along the U.S. East Coast where glacial moraine or
drumlin deposits dominate the regional sediment
supply to beaches.
The glacially derived sediments of Massachusetts do
6-1

not form a straight smooth shoreline, but rather a
jagged coast punctuated with rock outcrops and
ancient drumlin deposits (consisting of sediment
ranging from clay to house-sized boulders). Sand and
gravel is the main sediment in this area.

Reference:
Geology of Holocene Barrier
Island
Systems. Germany, Springer
Berlin Heidelberg, 2012.
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Figure 6-1
Glaciation
surficial geology datalayer
showing the location of sand
and gravel deposits.
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Sediment in Southern Massachusets
The composition of the barriers ranges from
6-2

fine sand to cobble- and boulder-sized material.
Sandy barriers comprise more than two thirds of
the barrier shoreline, although the shorter
mixedsediment and gravel barriers are the most
numerous.

Reference:
Geology of Holocene Barrier
Island
Systems. Germany, Springer
Berlin Heidelberg, 2012.
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Figure 6-2
Deposits
Physical setting of the
Southern Massachussets
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Coastal Barrier and ecosystem in
Southern Massachusetts
Coastal barriers are unique landforms that provide
protection for diverse aquatic habitats and serve as
the mainland’s first line of defense against the
impacts of severe coastal storms and erosion.
Located at the interface of land and sea, the
dominant physical factors responsible for shaping
coastal landforms are tidal range, wave energy, and
sediment supply from rivers and older, pre-existing
coastal sand bodies. Relative changes in local sea
level also profoundly affect coastal barrier diversity.
6-3

The paucity of sediment along the New England
coast, coupled with the long-term relative sea-level
rise have produced an environment in which most
barriers are transgressive.
Regressive barriers are associated with large
updrift or offshore sand supplies.
Figure 6-3
How sand is accumulation
1.Coastal Barrier
The composition of the barriers ranges from fine sand to cobbleand boulder-sized material.
2.Local nature image
94
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Force and hazard
Actually, tides and waves cannot be discussed
separately. Tides are waves—the longest wave.
Far out in the Atlantic, the wind ruffles the surface of
the water. Ripples form, growing higher and longer as
the wind increases.Hurricane Sandy, one of the
largest storms to ever hit the East Coast, pummeled
Massachusetts with punishing winds and
dangerously high seas, flooding some coastal areas.
Chronically under-maintained infrastructure across
most of America leaves many cities vulnerable to
life-threatening ﬂoods and extensive property losses.

6-4
96

Figure 6-4
Hazard maps
large magnitude storm
wind
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6-4

Tactile study
This study included a water table, developed with theI
use of a plastic tray to simulate sand sedimentation
with different water current flows.
This could be interpreted as the result of how
hurricanes will influence the accumulation of sand.
This is the result of an exploration of how wind and
hurricanes influence the sand accumulate

Figure 6-4
sand table test
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07
Design for
Nantucket
Island
“Away off Shore, In the Heart of the
Sea, Sea of Glory”
Peter B. Brace,in book Nantucket: A
Natural History
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Introduction
Nantucket is a small island with approximately 45
square miles, lying 30 miles off the southern coast of
Massachusetts. The island is composed primarily of
sandy debris left behind when the glaciers retreated
around 15,000 years ago. Nantucket is a fascinating
environmental microcosm in Southern Massachusetts.
Erosion is nothing new to Nantucket Island. The water
has been slowly eating away the island’s shoreline
ever since glaciers first formed in this region more
than 20,000 years ago. Severe storms often reshape
the coastline, causing erosion in some areas and
deposition or accretion elsewhere. Erosion rates vary
from two feet per year to as much as twelve feet
per year in some of the most affected areas, such
as Siasconset on the far eastern end of the island

even less, to reshape existing beaches completely.
Instead, the attitude was to work with the complex,
ever-evolving, and highly-dynamic coastal environment in Nantucket Island.

Reference:
The outer lands: a natural
history guide to Cape Cod,
Martha’s Vineyard, Nantucket,
Block Island, and Long Island.
American Museum of Natural
History, Dorothy Sterling,1997
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(Shoreline Change and the Importance of Coastal Erosion, 2000). Each breaking wave picks up sand from
the ocean floor and carries it to the shore. And each
retreating wavelet transports sand back to the sea
again. As thousands of waves move billions of sand
grains each day, the beach shifts constantly.
Northern Nantucket is located in the second layer
between the Atlantic and land, not facing directly to
storm surge and flooding. The coastline in this area
has retreated by an average of thirty meters over the
past 180 years.
This thesis explores design approaches which do not
necessarily intend to build up land on the coast and,

Figure 7-1
Erosion on Nantucket Island
https://iblueyonder.com/
portfolio/nantucket-island/
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Erosion control
To protect the island from being eroded, a variety
of coastal erosion structures and methods were
explored.
In the late 1950s and 60s, hard structures were used
as the preferred method of erosion control, but in
the decades that followed the use of soft structures
began to greatly outnumber the hard solutions.
the harbor part have a variety of different types of
structures including: sand fences,
rock walls, wooden fences, beach grass, jute bags,
beach nourishment, zigzag fence, (metal,
wooden and concrete) bulkheads, windscreens, rock
and wooden groins. These were all private structures
with the only public erosion structure being the jetties located at Jetties Beach.
Mapping includes erosion rates on the island, tidal
flushing direction, hard and soft structure location.
A hard engineering structure is a static and sturdy
structure.A seawall is not intended to prevent erosion of any beach in front of it, but it is used to prevent the land behind from being washed away.
Soft engineering solutions are considered more environmentally friendly but are very costly to maintain
and require constant monitoring and management.
Reference
Hill 2015 coastal infrastructure
typology
Figure 7-2
7-2
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mapping of Nantucket Island
105

Huaiwen Zhang / Reimage concrete for coastal dynamic

7-3

A hard engineering structure

7-4

A Soft engineering solution

Figure 7-3 7-4
Nantucket Island erosion control
infrastructure
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7-5

Figure 7-5
Identified and catalogued the variety of
coastal erosion structures and methods
used on the island
108

In Nantucket, 50%of the structures in the northwest
section were soft structures and
50% were hard structures. The most commonly used
soft structure was fencing and beach
grass and the most common hard structure was a
wooden groin.
109
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Existing sites for
installation
I found three existing structures in the
Harbor area as experiment fields.

Figure 7-6
Sites and site
condition
110
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New cradle to cradle system
The design strategy includes the proposal of a
cradle to cradle system, with a series of plug-in
structures, which can also be described as coastal
furniture due to their scalar relationship to the scales
of the living communities in this area, including humans. It is suggested that these new structures can
be prefabricated modules, which local inhabitants
can eventually make at home and in their own communities. This proposal relates to the fact that the
author conducted all of the material tests for new
concrete mixes at home and with everyday (non-professional) equipment. However, the prefabrication
of these pieces as modules would certainly require
their previous calibration with the help of specialized
technicians, who could work closely together with
the community.
Plug in structure/furniture: different forms for different usage
Material selection: adapt to content and serve animals
Community onsite work:prefabricated modules installation
Shoreline restoration: niche for shellfish and plants
Sustainable fishery:more raw materials for new structures

Figure 7-7
7-7
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Module design
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Zigzag fencing+Sand dune
Dart shape sand catchment

Figure 7-8
Sand dune strategy
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Three phases:
Accumulate: A steady sea wind sweeping across the
beach carries grains of sand inland. When its motion
is interrupted by a sand catchment, the wind drops
its burden of sand.
Occupy: Beach grass seeds buried in concrete germinate. The shifting sands are anchored by cables
of American beach grass. American beach grass
can live in harsh environments.
Colony: Growing higher, broader, merging with other
mounds, it becomes a hillock, a ridge—a dune.

7-9

Figure 7-9
Sand dune three
phases
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7-10

Eelgrass shelter
hard oyster shells
In shallow water, we graze eelgrass in a shelter where
the seeds could survive and germinate. Eelgrass as
primary producer provides food, shelter and
protection from predators for many fish and shellfish.
It stabilizes sediments and provides nourishment and
oxygen.
Figure 7-10
Eelgrass shelter
strategy
118
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Groins
a soft oyster one way valve
Along the downdrift side of the groins, I propose to
install a soft oyster one way valve. It receives sand and
balances the sand deposit along two sides. And if the
bottom part degrades, we can add new layers.
In the frontal face of the groins, facing the water, I
propose to install oyster reefs to serve as barriers to
storms. The crushed concrete debris can nutrient
shellfish.
Figure 7-11
Sand dune strategy
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Oyster reef
In front of the groins, I can install oyster reefs that
serve as barriers to storms. Oyster reefs are beds of
oysters joined together to form a solid offshore
structure. They can diminish wave energy and provide
a barrier for sediment erosion while providing a habitat
for oysters.
The oyster reefs act very similarly to a low-crested
submerged breakwater but only helpful in moderate
conditions. (Board, 2014) The crushed concrete debris
can provide nutrients for shellfish.
Figure 7-12
Sand dune strategy
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7-13

Bulkhead
Leaf debris pots
The installation of the bulkhead resulted in a loss of
intertidal zone. Leaf debris pots will be attached to the
existing bulkhead. Salt-water tolerant plants can grow
in the pots. As time goes by, all pots crash down and
become a basement for a new intertidal zone.

Figure 7-13
Sand dune strategy
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Stakeholders
The Nantucket Coastal Conservancy

of them, he knows the natural transport and

It is therefore possible to come to the conclusion that

Nantucket Coastal Conservancy is a nonprofit

deposition of sand. At the same time, some residents

a system like the one proposed in this study would

organization founded in 2012 and composed of

are still unsure how exactly to proceed with the

need to get permission from the Conservation

year-round islanders and seasonal residents, as well

erosion problem, as it is still difficult to “understand

Commission, work with The Nantucket Coastal

engagement strategies.

as visitors, whose common interest is to preserve and

how the ocean moves sand up and down the beach.

Conservancy Coordinating Team, engage residents,

The stakeholders should include members of

working together to ensure that our community has

Siasconset

the knowledge and the ability to protect the beaches

Josh Posner, who represented the Siasconset Beach

we love.

Preservation Fund (SBPF) has a long familial history

Educational and Management Partners

Their advocacy, educational efforts, and research

on the island, going back over 50 years to when his

Providing high-quality educational products and

activities are guided by an engaged and committed

family used to spend their summers on the island.

services to the visitors to Nnantucket by supporting

group of volunteers who comprise the NCC

The SBPF, founded in the 1990s, has made several

coastal research, educational, and interpretive proj-

Coordinating Team.

attempts to mitigate erosion. Posner believes that the

ects and management of the coastal environment

People get different stances regarding the antierosion efforts on the island. Working with current
stakeholders and officials, it is possible to develop a
set of recommendations for future community

Siasconset, the Conservation Commission, Coastal
Management Plan Committee, , Beach Preservation
Fund, and other groups and individuals who can
become opinion leaders in this process.They can
provide information on the legal process of applying
for and obtaining permits for installing coastal
erosion structures, the technical information typically

protect Nantucket’s natural beaches. They are

especially longtime residents, and get sponsors from
the Siasconset.

town should be more receptive to trying different

required, and the key factors involved.

Residents

methods on an experimental basis as long as any

University of Rhode Island

According to my research, even though a number of

effects are reversible if the methods do not work, they

Waquoit Bay National estuarine research reserve

The Conservation Commission

residents are trying to protect their houses along the

are being paid for by those who would benefit and not

UMass Nantucket Field Station

shoreline, they tend to maintain a relatively neutral

the general taxpayers, and they are at no harm to

the Urban Harbors Institute

stance on most of the projects that are in place along

anyone else or any other beaches and properties.

the Division of Marine Operations are three facilities

the bluff, even if they have opposed the geotube

Actually, approximately $100,000,000 has been lost in

of UMass Boston

system and other hard armoring projects.

property value due to the severe erosion in

Siasconset

Longtime residents have taken many trips out to

Siasconset.

The Nantucket Coastal Conservancy

The Conservation Commission holds meetings to
process a project. They declare opening statements,
discuss the cases, vote on the project and approve,
deny, or continue the discussion to the following
meeting.

Great Point and have watched the changes of this
coastline that occur over time. Harvey Young is one
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Community Engagement

Events

Hyber-concrete, as a sort of incremental and

Revitalizing local fisheries

Community driven production, is generating a future
of multiple visions.
I hope that the future of this project lies in community
participation, since the role of the landscape architect
in construction processes of this complexity can only
be that of initiator.
On the strength of community participation, the
construction process is a spontaneous movement
initiated by the landscape architect.
Following a first phase of imagining these new plug-in
systems, the landscape architect should become a
facilitator and mediator and work closely with the
community.In other words, it is envisioned that

progressively more people could participate in the
process of collecting shells,mixing concrete and
fabricating the modules, so as to transform the
factory production and design company installation
into a landscape maintained by the community.
Everyone can learn how to produce concrete by
themselves from the manual of concrete briefly
outlined in this thesis (more specific instructions

Tourism festivals are great opportunities not only for
raising people’s concerns but also meeting the
expectations of the multiple stakeholders’
expectations. Nantucket consumers ate tons of
seafood and provided raw materials for construction.
Informing and Educating in communities

would be required, nevertheless).

Hold Information Open Houses, share the vision,

The main ambition here lies in the possibilities of

operations.Work with the recycling department and

transforming a conventional industrial production line

values and goals of hyber-concrete and future
hold workshops.

Art of hyber-concrete
The program encourages accomplished, professional
artists to create fresh and innovative new ways for

128

erosion and infrastructure through the arts.
One on One session
Identify the follow information of structures:
If the structure is private or public,structure address
and the condition;
The name of property owner;
If the structure was permitted, does it have a Chapter
91 license;
The date the structure was installed and most recent
date that it was updated;
How it was maintained;

into a household operation where waste products
become a part of alternative concrete mixes.

visitors to learn about concrete mixing, coastal

Personal guidance of permission
Hyper-concrete making manual
Installation consultation
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Final statement and reflection
The design strategy of building plug-in modules to
enhance existing coastal barriers proposed in this
thesis could, in some ways, be compared to the compressed earth block technology, in that they are both
based on a deep relation to the ground, that which is
under our feet.
a small amount of concrete makes it not durable,
but it has totally different behaviors from traditional
concrete. A system such as the one proposed in this
study does not aim to replace existing coastal barriers. Instead, it tries to add performative aspects to
them in order to increase the diversity of life and build
up resilience in local land and water-based ecosystems.
At this point, concerns related to the influence of
hyber concrete on local ecosystems remain unanswered. According to the current research, when
immersed in seawater, concrete is rapidly colonized
by microorganisms and macroorganisms. Surface
colonization and subsequent biofilm and biofouling formation can provide numerous advantages to
these organisms and support critical ecological and
biogeochemical functions in the changing marine
environment.(Claudio Favi,2021) The surface design

130

of concrete structures becomes paramount – smooth
surface, faceted and patterned surface, rough surface
– as well as its chemical composition. Other important techniques, such as the use of a curing agent,
also have an impact on bio-colonization. However, for
a specific and highly dynamic natural environment,
such as Nantucket Island, more applied research
would be needed to increase the level of confidence
in the implementation of such a strategy.
The implementation of a strategy of this nature,
which proposes an engagement of local communities
in low-tech concrete prefabrication and installation,
would always require substantial field tests. These
should include the casting of several one-to-one scale
prototypes for installation and test on selected sites,
the systematic recording of the amount of raw materials utilized and eventually returned to the ecosystem
(following a local cradle to cradle approach), and the
testing of the performance of the modules over time.
Once installed in such a changing environment, these
modules would engage in a complex “conversation”
with time: their structures would change, they would
degrade and weather, and eventually also accumulate
sand and hopefully begin to build up the ecosystems.
All these changes should be recorded every day.
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